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Presenter
Presentation Notes
A Mechanical Engineer’s Perspective on Electrical System Commissioning; Experiences and Insights with Recovering from Power Failures
An unexpected power failure and the ensuing recovery can wreak havoc on a building and its systems, generating complaints, loss of environmental control, quality control problems, and occasionally, debris.  This presentation uses a case study format to illustrate and discuss important HVAC and building system considerations that should be targeted when assessing and testing the ability of a building and its system to recover from a loss of electrical power as well as other utilities.  The Power Failure Recovery section of the Functional Testing Guide will be highlighted as a resource on the topic.


What We’'ll Cover

« The relationship between the integrity of building
mechanical systems and the utility systems serving
them

— Electrical power
— Other utilities
 Gas
e Chilled or hot water and steam
e Transportation
 Domestic water
e Storm water and sewage




Our Perspective

« Fundamental principles
— Basic physics
— Common M/E concepts

e Lessons learned from
experience

— Reinforce fundamental
concepts

— New perspectives on
fundamental concepts

* Insights for future
improvement




Bottom Line

 Power failures will happen
* The building will recover when power is re-applied

« The only question:
So tell me, how did that work for you?

Image courtesy of Michael Fewings at http://www.strikeone.com.au/index.




How do you Define a Power Outage?

It's a matter of your perspective
— Location of the outage

— Impact of the outage

— Ripple effects of the outage




An Example

The Setting
— Southern lllinois Hospital

— Hot, humid August
afternoon

— Thunderstorms in the area

4/10/2009
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An Example

The System T -

— Surgery AHU %—E - m—*_ \/)j—E— )

— 100% outdoor air e —__Tl—l

— Chilled water cooling Operating
Room

4/10/2009



An Example

The Event
— Lightening strike
knocks out the utility
 No fan
* No lights
* No chilled water

— Hospital generator
starts and picks up the
load quickly

411012009 , & /



An Example

The Result f“‘f’”m N

Surgery lights On
Surgery fan On

Hot, humid air meets cold
surfaces

Rain in the OR
Condensation on sterile
supplies

New perspective on
recovering a Surgery AHU
from a power outage




Lesson 1

* Restoring electrical service after a power outage can
have undesirable results:

— Electrical power is critical; thermal utilities can run
a close 2nd

— Multiple, different HVAC systems are required to
control thermal and psychrometric relationships

— Most HVAC systems run on electrical power

— Electrical power has a direct bearing on the
thermal and psychrometric relationships controlled
by the HVAC systems




Lesson 2

* The functions occurring in the location impacted by a
power outage need to be considered when power is
restored

— Wil the recovery power source address all of the
critical issues?

— |Is there a critical sequence for recovery?




Power Outage Locations

 Area wide
e Building wide

— The central plant may be in a different building
e Localized

— Fuse or circuit breaker trip

— Motor failure

— Controller failure

— Belt or coupling failure

— Operator error

4/10/2009 & /



An Example

Scrubbers critical
— Clean effluent
— Safe facility
Redundant fans = improved
integrity
— Design concept
One fan falls;

the other fan starts

4/10/2009



An Example

Scrubbers critical

— Clean effluent

— Safe facility

Redundant fans = improved
integrity

— Operating reality

* Time delay between fan
failure and back-up start =
Loss of flow

e Loss of flow = unsafe fab
» Unsafe fab = evacuation

Fab evacuation = $10,000 lost!

4/10/2009



An Example

Scrubbers critical
— Clean effluent
— Safe facility
Redundant fans = improved
integrity
— Operating solution
* Run both fans
e One fan fails = 75% flow

o 75% flow = no fab No fab evacuation = happy
evacuation production managers!

4/10/2009



Lesson 3

 There are other things that can fail which will look like
a power failure to the building and occupants

e Operating procedures can mitigate the impact of a
power failures, especially a localized power failure,
regardless of the cause

e Mitigation is good!

— Mean time between failure running one fan with
the other on standby — 2 to 3 months

— Mean time between failure running one fan with
the other on standby — 2 to 3 years




Some Systems Take Their Lesson
Teaching Roll Quite Seriously

The Air Handling Unit From

4/10/2009 & /
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Mechanical and Electrical Commonalities

Both require some sort of pathway to establish and

contain flow
Mechanical Electrical
— Mass in pipe or duct — Current in wire or cable

41102009 & /



Conservation of Mass and Energy:
Fundamental Mechanical and Electrical Concepts

Mechanical Electrical
— Mass flow into a junction — Current flow into a junction
will equal the mass flow out will equal the current flow

of a junction out of a junction




The System, Brian, and | Meet for the
First Time
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A Demonstration of Fundamental
Principles
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A Demonstration of Fundamental
Principles
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The Enabler for the Demonstration
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The OPR says the
systems run 24/7
so there is no
need for the

Why no
interlocks?



Lesson 4

 The Goes Inta’s WILL equal the Goes Outa’s
— Uncoordinated flow = undesirable pressure

— Power and equipment failures can caused severe
pressure fluctuations in the clean room

 Contamination issue

o Safety Issue
e Restart issue




Lesson 5

 Equipment failures can have an impact similar to a
localized power failure

 The impact of a localized power failure or equipment
failure can be more devastating than a total power

outage




Lesson 6

« Power failures and similar phenomenon need to be
considered at design;

— Mechanical/electrical engineering coordination is
Important

— Owner’s Project Requirements should not be
Interpreted literally

— Murphy will introduce scheduled operation even if
you don’t plan to do it

e Design intent should be monitored during
construction




Round 2

 The set-up
— Parallel fans
— Back draft damper
equipped
— VFD equipped
— One fan running
— Dampers not perfect
o Dampers leak
e Fan spins backwards

41012009 & /



Round 2

e Spinning motors not
connected to the grid are
generators

— Out of phase
— No voltage regulation

* |f a VFD is engaged against
a reverse spinning motor

e And the VFD has not been
programmed properly

* Then the magic blue stuff
in the drive gets released




A Related Topic

e Spinning fans represent stored energy in the form of
rotating mass

 Engaging a spinning fan motor across the line:

— Immediately synchronizes the motor speed with
the grid synchronous speed

— Breaks belts
— Shears shafts and hub bolts

— Causes fan wheels to exit the AHU casing




Lesson 7/

* Drive and starter control and programming can be
critical

— Recovery mode after a power failure
— DC injection braking before starting

— Time delays between speed changes for multi-
speed motors

e Training and placarding are important

— Factory representatives may understand drives
but not HVAC equipment and system dynamics




Round 3

The space Is under control so everything’s fine, right?

Integral face and

OA bypass type steam  Chilled water ~ Steam Backdraft
zSOIG*'On preheat coil cooling coil reheat coil Humidifier dampers
amper
i 10 CWS il LPS j_l LPS j_l O

Z I = i ) i
g1°r:g [ U5°F § 46°F[F (O] 154°F |

z = il ) Q i

K

30% - LPR Chemical and CWR LPRJ — Two parallel HEPA filters

f Prefilters f% Final f ff plug type f
ilters supply fans

e Clean room conditions on spec at 68°F, 1/-1-1/2°F,

45% +/-3% relative humidity.

e Entropy of the Universe — Going Up a bit faster than
necessary!
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Making Sense Saves Cents

Integral face and

oA bypass type steam  Chilled water  Steam Backdraft
ESOIC\*'O” preheat coil cooling coil reheat coil Humidifier dampers
amper
Ps
0t _L{ T cws —E-! LPS —E—‘L LPS —gh S j
or ? ' —~ o 7 ° ° °© °F H
81°F) 1 | | 8IF ¢ 46°F[| 46°F]  (0); I54°F |
Z = 0 o Q i
30% LPR T Chemical and EWR LPR Two parallel HEPA filters
Prefilters 95% Final plug type
filters supply fans

 Reduced operating cost — about $7,000 per month
o Cost of corrections:

— About $500 in parts

— 80-100 man hours of labor

See Commissioning to Meet Space (Clean Room) Qualification Criteria vs. Energy
Consumption Optimization Focused Commissioning at www.PECI.org for a paper that

looks at this in more detail



http://www.peci.org/�

Lesson 8

« Commissioning procedures and efficiency will often
take back seat to business and financial pressures

e Contractual boundaries do not make good operating
boundaries




Power Sources

 Normal power
— Provided by a public or private utility company
— Single source or multiple feeds for each site
— Reliable, but not perfect
 Thunder storms
e |ce storms
 Interactions with automobiles and trucks
e Operator errors




Power Sources

 Emergency generators
— Cover public utility failures

— Typically start and assume the load in 10 seconds
or less

— Capacity targeted to critical loads
 Life support
o Patient care

 Critical processes
— Still a momentary loss of power




Power Sources

« Uninterruptible Power Supplies (UPS)
— Load sees no power failure

— Can be used in conjunction with emergency
generators

— Protect loads where even a short disruption could
cause

 Injury or loss of life
* Equipment failures
e Loss of data

e Business disruption




Power Sources

« Cogeneration plant
— Similar to emergency generators but always on
line
— Coordinated with:

o Utility system
— Sell power
— Limit demand

e Process loads requiring heat concurrently with
power




A Retrocommissioning Discovery

Interlocked with
normal power

T
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* @+ 2+
Served by Emergency Served by a
Generators UPS




Lesson 9

e Business and financial pressures can make critical
ISsues seem less critical

— Example — 1 system with three different power
sources

 Murphy and Mother Nature will occasionally point
these things out




Power Outage Duration

 Long term
— Minutes, hours or days
e Equipment spins down to a stop

 Problems occur at the load because of the
unanticipated loss of service

e Problems occur with equipment when service Is
restored

— “Single Phasing” may occur




Power Outage Duration

e Short term
— Fractions of a second
 No Immediate impact at the load served
 Machinery never stops spinning

* Problems occur due to the uncoordinated
response of different technologies

— Potentially devastating




KSA Facillities Power “Blip” Response
Procedure
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Why the Scramble?

* |ssues like the EPI make up AHU/EPI process
exhaust interlocks

e Uncoordinated responses of mixed technologies
— Magnetic starts would ride through it
— Electronic starts may or may not trip
 Programming issues
e Product issues

— Tripped electronic starters may or may not
automatically reset




Lesson 10

* Failing to OFF on a power failure with a manual
recovery can be safer than an automatic restart

« Automated or manual, the restart procedure is
lengthily and complex

|t takes a only a minor event to knock a 300,000 sq.ft.
plant off line (power “blip” = 5-10 cycle)

A manual restart is a major event
— 6-8 hours

— Operators called in off shift




Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart

The first “blip” disrupts the interlock circuit and the dampers start to drive closed
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The emergency generators start and pick up the fan The control system
VFD loads and latch on for a minimum run time knows nothing




Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart

After the first blip, the dampers start to drive back open, but more slowly than they
close
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One drive is off; programmed to not automatically restart Controls run as if
One drive is on; inadvertently programmed to automatically restart nothing happened.




Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart

The second “blip” interrupts the interlock again, the dampers, which were not fully
open drive quickly closed again. Intake plenum pressures start to get very negative
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Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart

After the second “blip” the dampers can not drive open because the actuators can't
overcome the forces associated with the negative plenum pressures and the
racking of the damper frames that they are staring to produce.

Limit switch hysteresis allows the operating fan to remain on line.
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The fan speeds in an effort to compensate for the restriction Controls respond to
created by the partially open damper. falling fab pressure




Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart

The second fan at full speed drives makes the over-powered, racked damper issue
worse.

Intake plenum pressures drop significantly.

An installation error makes its presence known.
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Operators, under pressure to not loose the fab, reset the drive that
is off line. It restarts and comes up to full speed.




The Installation Error

Multi-section dampers
require reinforcement
between sections

— One quarter inch
steel reinforcing
plate between
sections

— “Kicker” braces to
corner joints are an
alternative approach

/ 2001 8:57am

NCBC
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Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart
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No restriction to air flow + full speed fans = sudden flow surge
Sudden flow surge + expansive AHU end casing area = air hammer
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Lesson 11 (Round 4)

Two Power “Blips” a Few Seconds Apart
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Air hammer + Another installation error = BIG Problem
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Installation Error #2
A Tek Screw and A Bolt Are Not The Same

Tek Screw Bolt

4/10/2009



When Assembling An AHU, A Tek Screw
and A Bolt Are Not The Same

The discharge section of the casing
had been assembled with Tek Screws,
not the bolts provided by the factory
(red heads in the picture)

— The only section not assembled
correctly

— Factory prestart inspection was
done

 Visual inspection

* Negative pressure test
— Leakage
7/10/2001 9:0tam — Deflection




Lesson 12

A skilled team of operators can
work miracles

Cut out collapsed damper

Pulled the blown apart
sections back together and
bolted them up

Fab back under positive
pressure in about 2 hours

Particle counts back to
production levels in about 6
hours




Lesson 13

Even the factory guys miss stuff

— The difference between a
Tek Screw head and a bolt
head is subtle

— Informs the construction
observation process for
subsequent work

4/10/2009 & /



Our Improvements and Repairs

* Replaced the collapsed
damper sections with
properly reinforced dampers

* Installed pressure relief

- 7/10/2001 8:57am

4/10/2009 &



Our Improvements and Repairs

e Control modifications

— Better limit switches and
limit switch arrangements

— Rewired interlocks to be
effective in all selector
switch positions

— Provided controller input
monitoring fan power

supply

7/10/2001 8:56am

NCBC
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Control Systems and Power Loss

Knowledge of loss of power

— How does the controller
know power was lost?

— Which power losses matter?
o Controller power?
e Equipment power?
* Network power?
* Building power?

4/10/2009 & /



Control Systems and Power Loss

What happens when the power
Is lost and will it be automatic or
manual?

— Controller power failure
recovery

— Network power failure
recovery

— Equipment power failure
recovery

— Building power failure
recovery

4/10/2009 , |



Control Systems and Power Loss

Is the response for recovering

Oon an emergency power source
different from what is to happen
when normal power is restored?

4/10/2009 , |



Control Systems and Power Loss

Trade-offs:

— Complexity vs. reliability

— Complexity vs. cost

— Complexity vs. operability
— Complexity vs. persistence
— Complexity vs. risk

41012009 & /



Testing Places Equipment at Risk

Prototypes require testing

— Well thought out systems
and equipment can still have
problems

— Test results = information for
moving forward

— Balance cost vs. benefit
 Implications of failure
o Complexity
* Rigor

— Plan, plan, plan



Presenter
Presentation Notes
The accidents pointed out the serious consequences of two or more minor, or unrelated, malfunctions. One X-15 was literally blown in half when a pressure regulator and a relief valve failed amost simultaneously during ground tests and pressurized the ammonia tank beyond the structural limit. The pressure regulator froze because of an accumulation of moisture and its proximity to liquid-oxygen and helium lines. The relief valve did not operate when tank pressure became excessive because of high back-pressure from an ammonia-vapor disposal system used only for ground operation. As a result of the explosion, fail-safe concepts have been applied to ground tests in addition to flight operations. ��Two other X-15 accidents occurred during emergency landings at alternate dry lakes following abnormal shutdown of the rocket engine. In each case, two unrelated system failures contributed to a third, which was a major structural failure at touchdown, even though the pilot had made a satisfactory landing. ��
  
The X-15's long and valuable research program has been marred by only three serious �accidents, none of which involved a latality. One was an explosion and fire on a test stand. �The others are shown here. Above: a fuselage split open an landing after two unrelated �system failures precipitated a major structural failure. The plane was back in the air within�three months. Below: another dual failure made the landing gear collapse at touchdown, �swerving the plane into a crippling, high-speed rollover and injuring the pilot, John B. McKay. �The pilot fully recovered; the airplane was rebuilt (shown here). �
  
��One such landing resulted in abnormally high loads because of a heavyweight condition from incomplete jettisoning of all unused propellants, and only partial cushioning of the nose impact by the nose-gear shock strut. When the nose wheels touched down, the fuselage buckled just aft of the cockpit, causing it to drag on the ground. Fortunately, the damage was easily repaired, and the airplane was back in the air within three months. ��The second landing mishap was far more serious. In that instance, the landing flaps failed to come down, but the pilot, jack McKay, made a perfect landing for the condition which requires a high-speed touchdown (in this case, 290 mph). As the airplane rotated onto the nose gear, the high aerodynamic down loads on the horizontal tail at that speed, in combination with rebound load following nose-gear impact, caused the left main landing gear to collapse. The airplane swerved broadside and rolled over, damaging wings, demolishing tail surfaces, and injuring McKay, who suffered three crushed vertebrae. ��Both pilot and craft have since returned to flight status. McKay, though shortened by three-quarters of an inch, was back flying another X-15 within six months. His damaged craft was slower to return to work. It was modified extensively, and a year and a half passed before it was back in the air. �


Power Failure Recovery Testing Options

Commissioning Provider Mother Nature Performs
Performs Testing Testing
— Balance risks vs. benefit — No concern for risk or benefit
— Managed approach — Unmanaged approach
* Provider schedules test * Planetary alignment
schedules test
* Rehearsal possible  Unannounced
 Intervention possible if e Things go amuck

things go amuck




The Best of Plans Can Fall

Hospital Emergency Power System
Upgrade

— Existing configuration (1969)
1 Emergency generator
* 1 Emergency branch

— New configuration (1989)
e 2 Emergency generators
 Life safety branch
 Critical branch
« Equipment branch




The Best of Plans Can Fall

Complex Change-over
— Juggling:
e Ongoing operation
» Space and equipment room
reconfiguration
* New construction
— Temporary feeds for many loads

— Existing emergency branch stands
alone for about 15 minutes

 Temporary generator carries load




The Best of Plans Can Fall

Preparation:

— Temporary generator on site for over
a week in advance

— Operated daily for 30-60 minutes to
verify reliability

— Operated under load to verify
reliability

— Checked and re-checked re-
connection plan

— Rehearsed




The Best of Plans Can Fall

Day of change-over:
— Start temporary generator
e Run for 30 minutes

e Transfer load and run under load
for 30 minutes

 Staff standing-by monitoring
temporary generator

— Open breaker to existing generator
— Begin transfer process

— Temporary generator high temp
warning light comes on




The Best of Plans Can Fall

Response to warning:

— Re-close the breaker to the existing
generator which had not been
disconnected as of the time

— Breaker hangs up and won't re-close

— Temporary generator shuts down on
high temperature alarm

— Black hospital




The Best of Plans Can Fall

Response to alarm:

— Joe runs to figure out how to jump
out the high temperature switch

— Electricians start to reconnect normal
power wiring just removed

— Jerry studies the generator breaker
with a flashlight

e Sees a hung-up link

* Reaches in with a screwdrive and
releases it

— Breaker slams home
— EXisting generator started




The Best of Plans Can Fall

Normal power restored
— Begin to breath

— Discover bad engine temperature
switch

— Regroup and re-plan




The Best of Plans Can Fall

Lessons
— Skilled operators are priceless

— Even when you have thought of
everything, there can still be one
other thing

— Arrisk that has existed for 20 years
un-manifested is still a risk

4/10/2009



Bottom Line

 Power failures will happen
sometimes, in an unanticipated fashion
* The building will recover when power is re-applied
sometimes, in an unanticipated fashion

« The only question:
So tell me, how did that work for you?

Image courtesy of Michael Fewings at http://www.strikeone.com.au/index.

NCBC
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Resources

Good Electrical Engineers
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Resources

- Bussmann
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http://www.bussmann.com/�
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Functional Testing Guide: Fundamentals to the Field

The Functional Testing Guide {(FTG) is a practical tool for designers and commissioning providers to help ensure efficiency and performance. Find test guidance and
sample tests for air handlers, chillers, boilers, condensers, and pumping systems, as well as advice on how to achieve integrated operation, The FTG supports these
publicly available tests with practical advice on acceptance criteria and common problems,

(¥iew online opens a new window/tab, Download coming soon.)

® view online " Download

= » Functional Testing Guide: Checklist Tool

Coming soon! Streamlines access to information in the Functional Testing Guide (FTG). The Checklist Tool includes an abbreviated list of test goals and cautions for the
various system components covered in the FTG and provides links to relevant sections of the FTG.

® view online Dowinload
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Control System Design Guide

Provides methods and recommendations for the control system design process and control point selection and installation. The Controf System Design Guide also
pravides a taalbox of templates for improving control system design and specification
(View online opens a new window/tab, Download coming saon.)

® view online " Download
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Presenter
Presentation Notes
I’ll reference the FT Guide site a lot. This is another public resource developed with public benefit and DOE funds. Anyone can go and download the files.  Contact info for the PECI program manager that ran the FT Guide project is as follows:

Aleisha Khan
AKahn@PECI.org
301-385-3236 
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